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Methods and assays for distinguishing between different forms of diseases and 
disorders characterized by thrombocytopenia and/or by spontaneous interaction 
between Von Willebrand Factor (vWF) and platelets 

The present invention relates to methods for distinguishing between different states 
or forms of diseases and disorders characterized by thrombocytopenia and/or by 
spontaneous interaction between Von Willebrand Factor (vWF) and platelets, and/or to 
predict the progression of such a disease or disorder. 

In particular, the present invention relates to methods for providing parameters that 
can be used to distinguish between different states or forms of diseases and disorders 
characterized by thrombocytopenia and/or by spontaneous interaction between Von 
Willebrand Factor (vWF) and platelets; to follow the progression of such a disease or 
disorder; to make predictions about the progression of such a disease or disorder; to 
determine a suitable treatment or treatment regimen for such a disease or disorder; to 
determine the therapeutic efficacy of such a treatment; and/or where indicated to modify 
such a treatment. 

Further aspects, embodiments, uses, applications and advantages of the invention 
will become clear from the further description hereinbelow. 

The invention is based on the surprising finding that the levels of activated vWF in 
a biological sample obtained from a patient suffering from, or suspected to suffer from, at 
least one disease or disorder characterized by thrombocytopenia and/or by spontaneous 
interaction between Von Willebrand Factor (vWF) and platelets can be used to distinguish 
between different states or forms of diseases and disorders characterized by 
thrombocytopenia and/or by spontaneous interaction between Von Willebrand Factor 
(vWF) and platelets; to follow the progression of such a disease or disorder; to make 
predictions about the progression of such a disease or disorder; to determine a suitable 
treatment for such a disease or disorder; to determine the therapeutic efficacy of such a 
treatment; and/or where indicated to modify such a treatment. 

Thus, in a first aspect, the invention relates to a method for distinguishing between 
different states or forms of diseases and disorders characterized by thrombocytopenia 
and/or by spontaneous interaction between Von Willebrand Factor (vWF) and platelets, 
and/or to predict the progression of such a disease or disorder, said method comprising the 
steps of: 
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a) providing at least one biological sample obtained from a patient suffering from, or 
suspected to suffer from, at least one disease or disorder characterized by 
thrombocytopenia and/or by spontaneous interaction between Von Willebrand Factor 
(vWF) and platelets; 

b) determining the amount of activated vWF in said biological sample; 

in which the amount of activated vWF in the sample is representative for the different 
states or forms of the disease or disorder. 

The biological sample used in the method of the invention is preferably a sample 
that contains vWF, more preferably a sample that contains vWF and platelets. In particular, 
the biological sample may be chosen from whole blood, plasma, serum or other suitable 
blood fractions. 

In the method of the invention, the amount (e.g. the absolute amount, level and/or 
concentration) of activated vWF in the sample may be compared to a reference value for 
the amount of activated vWF, for example to a reference value obtained from a patient or 
group of patients without the disease or disorder; to a reference value obtained from a 
patient or group of patients with the disease or disorder; to a reference value obtained from 
a patient or group of patients with a different form of the disease or disorder. The amount 
of activated vWF in the sample may also be compared to the amount of vWF in one or 
more further samples obtained from the same patient (e.g. obtained at earlier and/or later 
points in time). Reference is made to the Experimental Section below. 

The amount of activated vWF may also be compared to another suitable parameter 
of the sample. 

For example, the amount of activated vWF in the sample also may be compared to 
the amount of non-activated vWF and/or to the total amount of (activated and non- 
activated) vWF in the same sample. Also, a suitable ratio of the amount of activated vWF 
and non-activated vWF in the sample (such as the percentage activated vWF in the sample 
relative to the total amount of vWF in the sample) may be compared to a reference value, 
for example to a reference value obtained from a patient or group of patients without the 
disease or disorder and/or to a reference value obtained from a patient or group of patients 
with the disease or disorder. For this purpose, the amount of non-activated vWF and/or the 
total amount of vWF may be determined in a manner known per se. Reference is again 
made to the Experimental Section below. 
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When the sample used contains both vWF and platelets, the amount of activated 
vWF in the sample also may be compared to the platelet number in the same sample. Also, 
a suitable ratio of the amount of activated vWF in the sample and the platelet number in the 
sample may be compared to a reference value, for example to a reference value obtained 
from a patient or group of patients without the disease or disorder and/or to a reference 
value obtained from a patient or group of patients with the disease or disorder. For this 
purpose, the platelet number of the sample may be determined in a manner known per se. 
Reference is again made to the Experimental Section below. 

The method according to the invention can in particular be used to (provide one or 
more parameters that can be used by the clinician to) distinguish between different states or 
forms of, to follow the progression of, to make predictions about the progression of; to 
determine a suitable treatment or treatment regimen for; to determine the therapeutic 
efficacy of a treatment for; and/or where indicated to modify a treatment for, the following 
diseases and disorders: Thrombocytopenic Purpura (TTP), pre-eclampsia, HELLP 
syndrome, Von Willebrand disease Type 2; DIC (diffuse intracellular coagulation) or 
Sepsis; malignant hypertension; antiphospholipid syndrome; exposure to carcinogens in 
general; after platelet transfusion with platelet concentrates (for perfusion); malaria; 
venous and/or arterial thrombosis and bone-marrow transplantation. 

According to one preferred, but non-limiting embodiment, the method according to 
the invention is used to distinguish between different states or forms of, to follow the 
progression of, to make predictions about the progression of; to determine a suitable 
treatment or treatment regimen for; to determine the therapeutic efficacy of a treatment for; 
and/or where indicated to modify a treatment for, Thrombocytopenic Purpura (TTP). In 
particular, according to this embodiment, the method of the invention can be used to 
distinguish between patients with acquired TTP and patients with congenital TTP. As 
described in the Experimental Part below, a sample obtained from a patient with the 
congenital form of TTP will contain significantly more activated vWF than a sample 
obtained from a patient with the acquired form of TTP, thus allowing patients with the 
congenital form of TTP to be distinguished from patients with the acquired form of TTP 
(e.g. by the clinician). 

According to another preferred, but non-limiting embodiment, the method 
according to the invention is used to distinguish between different states or forms of, to 
follow the progression of, to make predictions about the progression of; to determine a 
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suitable treatment or treatment regimen for; to determine the therapeutic efficacy of a 
treatment for; and/or where indicated to modify a treatment for, pre-eclampsia and/or 
HELLP syndrome. For example, according to this embodiment, the method of the 
invention can be used to distinguish between patients with pre-eclampsia and patients with 
HELLP syndrome (a severe form of pre-eclampsia). This embodiment may also be used to 
follow and/or predict the progress of pre-eclampsia, and in particular to predict which 
patients with pre-elcampsia will develop HELLP and/or determine which patients with pre- 
eclampsia are at an increased risk of developing HELLP. As described in the Experimental 
Part below, a sample obtained from a patient with HELLP will contain significantly more 
activated vWF than a sample obtained from either a healthy pregnant subject and than a 
sample obtained from a patient with pre-eclampsia, thus allowing patients with the HELLP 
syndrome to be distinguished from healthy subjects and from patients with the pre- 
eclampsia (e.g. by the clinician), and also to follow and/or predict the progress of pre- 
eclampsia, and in particular to predict which patients with pre-elcampsia will develop 
HELLP and/or determine which patients with pre-eclampsia are at an increased risk of 
developing HELLP. 

Generally, in the invention, a sample can be considered to contain an "increased* or 
"elevated" level of activated vWF if the amount, level or concentration of activated vWF in 
said sample is more then the following value: 

[Average] + [2x SD], 

in which 

- [Average] = the average amount of activated vWF in samples obtained from a group 
of healthy volunteers; 

- [2 x SD] = standard deviation for the samples; 

it being understood that in practice, samples from non-healthy patients may contain levels 
of activated vWF that are significantly higher than this (compared the values described in 
the Experimental Part below). 

In the method according to the invention, the amount of activated vWF may be 
determined in any manner known per se, for example using suitable spectrophotometric 
techniques, chromatographic techniques, mass spectrometry techniques or other suitable 
techniques known per se. 
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Preferably, however, the amount of activated vWF is determined by contacting the 
biological sample with a binding agent that is capable of specifically binding activated 
vWF in the presence of non-activated vWF, and then optionally determining the amount of 
activated vWF bound to the binding agent. 

This can for example be performed using any suitable binding assay involving the 
binding agent, as will be clear to the skilled person, for example an immunosorbent assay, 
such as ELISA or RIA; assays involving the use of microarrays; affinity techniques 
involving columns, beads or other supports to which the binding agent attached (covalently 
or otherwise); use of cell-sorting techniques (such as FACS) involving the use of binding 
agents attached (covalently or otherwise) to beads or to a suitable label or marker (e.g. a 
fluorescent marker); and other techniques involving the use of suitably labelled binders. 

It is also envisaged to perform the method of the invention through the use of a 
suitable carrier (such as a strip of paper, a tube, a well, or another suitable surface or 
medium) to which the binding agent is attached (covalently or otherwise). This carrier can 
then be exposed to the sample, in suitable manner and for a suitable period of time, after 
which the amount of activated vWF bound to the carrier is determined. This may for 
example be performed through a subsequent step of eluting the bound vWF from the 
carrier and then determining the amount of eluted activated vWF; by comparing the 
amount of remaining free binding sites on the carrier before and after exposure to the 
sample; and/or through directly measuring the amount of activated vWF bound to the 
carrier. For example, it is envisaged that the carrier may be provided with indicator means 
that indicate the amount of vWF bound to the carrier (e.g. through a change in colour); or 
that the carrier can be suitably developed to provide a signal (e.g. change of colour) that is 
a measure for the amount of activated vWF bound to the carrier. 

Methods, techniques and equipment for performing such binding assays will also be 
clear to the skilled person; reference is for example made to the Experimental Part below. 
For the binding assay, the binding agent may also be immobilized on a suitable support, as 
will be again clear to the skilled person. 

Any suitable binding agent that can specifically bind activated vWF in the presence 
of non-activated vWF (i.e. a binding agent that can distinguish between the 
activated/binding conformation of vWF and the non-activated/non-binding conformation 
of vWF) can be used. 
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For example, the binding agent can be a protein or polypeptide that is capable of 
specifically binding activated vWF in the presence of non-activated vWF, such as an 
antibody that is capable of specifically binding activated vWF in the presence of non- 
activated vWF; a part of fragment of an antibody, in which said part or fragment is capable 
of specifically binding activated vWF in the presence of non-activated vWF; or a protein or 
polypeptide that contains and/or comprises one or more parts of fragments of an antibody, 
in which at least one of said parts or fragments is capable of specifically binding activated 
vWF in the presence of non-activated vWF. 

In particular, said part or fragment may be a variable domain, such as a heavy chain 
variable domain and/or a light chain variable domain, or a ScFv comprising both a heavy 
chain variable domain and/or a light chain variable domain. Such antibodies and 
fragments, and methods for obtaining the same, will be clear to the skilled person; 
reference is for example made to Roitt et al., "Immunology" (6th. Ed.), Mosby/Elsevier, 
Edinburgh (2001); and Janeway et al., "Immunobiology" (6 th Ed.), Garland Science 
Publishing/Churchill Livingstone, New York (2005). 

According to one preferred, but non-limiting embodiment, the binding agent can be 
a so-called "heavy chain antibody" that is capable of specifically binding activated vWF in 
the presence of non-activated vWF; a part of fragment of a heavy chain antibody, in which 
said part or fragment is capable of specifically binding activated vWF in the presence of 
non-activated vWF; or a protein or polypeptide that contains and/or comprises one or more 
parts of fragments of a heavy chain antibody, in which at least one of said parts or 
fragments is capable of specifically binding activated vWF in the presence of non-activated 
vWF (for example, a multivalent protein containing two or more such fragments. Such a 
multivalent protein may have a higher affinity and/or specificity for the activated form of 
vWF - i.e. compared to the corresponding monovalent form - and thus may lead to an assay 
with improved sensitivity; less background and/or a better signal-to-noise ratio). 

Heavy chain antibodies and methods for obtaining the same have been described in 
the art, see for example the following references, that are cited as general background art: 
WO 94/04678 (= EP 656 946), WO 96/34103 (= EP 0 822 985) and WO 97/49805 by Vrije 
Universiteit Brussel; WO 97/49805 by Vlaams friteruniversitair Instituut voor 
Biotechnologie; WO 94/25591 (= EP 0 698 097) and WO 00/43507 by Unilever N.V.; 
WO 01/90190 by the National Research Council of Canada; WO 03/025020 (= EP 1 433 
793) by the Institute of Antibodies; WO 04/062551, WO 04/041863, WO 04/041865, WO 
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04/041862 by applicant; as well as for example Hamers-Casterman et al., Nature, Vol. 363, 
p. 446 (1993) and Riechmann and Muyldermans, Journal of Immunological Methods, 231 
(1999), p. 25-38. 

For example, heavy chain antibodies against a desired antigen can be obtained from 
a species of Camelid immunized with said antigen, as described in the general prior art 
mentioned above. 

As also mentioned in the above references, naturally occurring heavy chain 
antibodies do not contain the light chains present in naturally occurring conventional 4- 
chain antibodies (that natively contain both heavy chains and light chains). Because of this, 
such naturally occurring heavy chain antibodies have also been referred to in the art as 
"single chain antibodies" (see for example WO 02/085945; and not to be confused with so- 
called "single chain Fv's" or "scFv's", which are synthetic polypeptides comprising a V H 
domain covalently linked to a Vl domain) and as "immunoglobulins devoid of light chains" 
(see for example EP 0 656 946 and some of the further general background art mentioned 
above), which terms for the purposes of the present description should be considered 
equivalent to the term "heavy chain antibody" as used herein. 

As also mentioned in these references, the heavy chains of naturally occurring 
heavy chain antibodies contain CH3 domains, CH2 domains and a variable domain, but - 
in addition to the light chains - lack the CHI domains present in the heavy chains of 
naturally occurring conventional 4-chain antibodies. Herein, the variable domains from 
naturally occurring heavy chain antibodies will also be referred to as "Vhh domains", in 
order to distinguish said variable domains from the variable domains from conventional 4- 
chain antibodies, which are commonly referred to as "Vh domains". 

Generally, V H h domains have a structure that retains the immunoglobulin fold of 
conventional Vh domains. However, compared to V H domains, Vhh domains contain one 
or more substitutions in their amino acid sequence (and in particular in their framework 
regions) that make the region(s)/residues of the Vhh domain that in a V H domain would 
form the Vh/Vl interphase more hydrophobic (see the general background art cited above). 

Also, as mentioned in the general background art cited above, heavy chain 
antibodies and Vhh domains have the major advantage that they are capable of binding an 
antigen without the presence of any light chains or light chain variable domains, 
respectively. This makes heavy chain antibodies and Vhh domains easier to obtain, to 
develop, to prepare (in particular) on a large scale, to use and/or to bind to a support than 
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conventional 4-chain antibodies or light chain or heavy chain variable domains thereof. For 
example, the immobilization of Vhh domains on a solid support has been described in the 
International application WO 01/40310 by Hindustan Lever Limited. 

According to a particularly preferred embodiment, the binding agent is a 
Nanobody™, for which term reference is made to the prior art mentioned above, to the 
non-prepublished International application PCTYEP2005/011819 by applicant (filed on 
November 4, 2005 and entitled "Method for generating variable domain sequences of 
heavy chain antibodies") and to the further published and unpublished patent applications 
of Ablynx N.V..[Note: Nanoclone™, Nanobody™ and Nanobodies'™ are subject to 
trademark protection or applications therefor by Ablynx N. V.]. Generally, Nanobodies can 
be described as proteins that have some of the functional properties and structural features 
that are characteristic of naturally occurring V H h domains. A Nanobody may for example 
be a naturally occurring V H h domain, a "humanized" Vhh domains or a "camelized" Vh 
domains, as well as a partially or fully synthetic protein, as long as the foregoing have (at 
least some of) the functional properties and structural features that are characteristic of 
naturally occurring V H h domains. Reference is also made to the non-prepublished US 
provisional application 60/683,474 by applicant (referred to below), which describes 
various Nanobodies against vWF (including Nanobodies against activated vWF).As also 
mentioned in these applications by applicant and in the other prior art mentioned above, 
Nanobodies can also be formatted and used in multivalent and/or multispecific formats. 

The International application WO 04/062551 by applicant, incorporated herein by 
reference, describes heavy chain antibodies against different domains of vWF and against 
both the activated and non-activated forms of vWF, the VHH domains of such heavy chain 
antibodies, Nanobodies™ based thereon, and methods for obtaining the same. These heavy 
chain antibodies and VHH domains are particularly suited for use in the methods described 
herein. For example, a heavy chain antibody according to WO 04/062551 (or a Vhh 
domain thereof) that is directed against the activated form of vWF (e.g. against the 
activated form of the Al domain of vWF) can be used to determine the amount of activated 
vWF in a sample in accordance with the method of the invention, whereas a heavy chain 
antibody according to WO 04/062551 (or a V H h domain thereof or a Nanobody™ based 
thereon) that is directed against the non-activated form of vWF (e.g. against the non- 
activated form of the A 1 domain) or against both the activated and non-activated form of 
vWF (e.g. against the A3 domain of vWF) can be used in the method of the invention to 
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determine the amount of non-activated vWF in a sample or the. total amount of vWF in a 
sample, respectively. 

Some particularly preferred, but non-limiting Nanobodies™ directed against the 
activated form of vWF are the Nanobodies directed against the activated form of the Al 
domain of vWF that are described in the International application WO 04/062551, 
including but not-limited to AU/VWFa-11 ("a-ll"); AU/VWFa-12 ("a-12") and/or 
AU/VWFa-16 ("a-16"). As mentioned above, it envisaged that the use of multivalent (such 
as bivalent or trivalent) forms of these Nanobodies™ (i.e. polypeptides in which two, three 
or more of these Nanobodies (which may be the same or different) are linked to each other, 
optionally via a suitable linker sequence, again as described in International application 
WO04/062551) may lead to higher affinity and/or specificity for the activated form of 
vWF - i.e. compared to the corresponding monovalent Nanobody - and thus may lead to an 
assay with improved sensitivity; less background and/or a better signal-to-noise ratio. For 
the design and the preparation of such multivalent proteins, reference is again made to WO 
04/062551, as well as to the general background art on Nanobodies referred to above. 

Other Nanobodies that can be used in the methods of the present invention are 
described in the non-prepublished US provisional application 60/683,474 by applicant 
(filed on May 20, 2005 and entitled "Nanobodies™ for the treatment of aggregation- 
mediated disorders"). 

As already mentioned hereinabove, and as will be further explained in the 
Experimental Part below, the values determined using the methods of the invention can be 
used (e.g. by the clinician) as parameters in order to distinguish between different states or 
forms of diseases and disorders characterized by thrombocytopenia and/or by spontaneous 
interaction between Von Willebrand Factor (vWF) and platelets; to follow the progression 
of such a disease or disorder; to make predictions about the progression of such a disease 
or disorder; to determine a suitable treatment for such a disease or disorder; to determine 
the therapeutic efficacy of such a treatment; and/or where indicated to modify such a 
treatment. This will be within the skill of the clinician, on the basis of the disclosure herein. 

The methods and assays of the invention can also be used in research, for example 
into the diseases and/or disorders mentioned above and/or into the role of vWF in such 
diseases or disorders. 

In a further aspect, the invention relates to a kit-of-parts for determining the amount 
of activated vWF in a sample, and in particular for use in a method as described herein, 
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said kit-of-parts comprising at least a binding agent that is capable of specifically binding 
activated vWF in the presence of non-activated vWF (optionally attached to a suitable 
carrier or surface, as described hereinabove); and optionally comprising means for 
determining the total amount of (activated and non-activated) vWF in the sample (as will 
be clear to the skilled person); and/or means for determining the platelet number in the 
sample (as will be clear to the skilled person); and/or instructions for use; and/or one or 
more parts, elements or components of kits for binding assays known per se (as will be 
clear to the skilled person); wherein said kit-of-parts is optionally packaged in a suitable 
packaging or container. In said kit-of-parts, the binding agent is preferably as further 
described above. 

The invention also relates to the use of a binding agent that is capable of 
specifically binding activated vWF in the presence of non-activated vWF, for 
distinguishing between different states or forms of diseases and disorders characterized by 
thrombocytopenia and/or by spontaneous interaction between Von Willebrand Factor 
(vWF) and platelets, and/or to predict the progression of such a disease or disorder; and/or 
in the methods described hereinabove, and/or in a kit-of-parts as described hereinabove. 

Said binding agent is preferably as further described hereinabove, and may for 
example be an antibody or a part or fragment of an antibody (wherein said antibody, part or 
fragment is capable of specifically binding activated vWF in the presence of non-activated 
vWF); a protein or polypeptide containing and/or comprising at least one part or fragment 
of such an antibody; a heavy chain antibody or a part or fragment thereof (wherein said 
heavy chain antibody, part or fragment is capable of specifically binding activated vWF in 
the presence of non-activated vWF); a protein or polypeptide containing and/or comprising 
at least one part or fragment of such a heavy chain antibody; a Nanobody™ (wherein said 
Nanobody is capable of specifically binding activated vWF in the presence of non- 
activated vWF); or a protein or polypeptide containing one or more Nanobodies™. 

The invention also relates to the use of a binding agent (as described above) that is 
capable of specifically binding activated vWF in the presence of non-activated vWF; for 
preventing or treating diseases and disorders characterized by thrombocytopenia and/or by 
spontaneous interaction between Von Willebrand Factor (vWF) and platelets, or for 
slowing or preventing the (further) progression thereof. 

Also, for this purpose, said binding agent may be incorporated into a suitable 
pharmaceutical form or formulation using one or more pharmaceutically acceptable 



WO 2006/074947 



11 



PCT/EP2006/000273 



carriers, diluents or excipients, in a manner known per se, and administered in 
therapeutically effective amounts to a subject in need of such prevention or treatment, 
according to a suitable treatment regimen and via a suitable route of administration. 
Reference is again made to for example WO 04/062551 and to US provisional application 
60/683,474, incorporated herein by reference. 

The invention also relates to the use of a binding agent (as defined above) that is 
capable of specifically binding activated vWF in the presence of non-activated vWF, for 
selectively removing activated vWF from a sample or fluid, and in particular from a 
sample or fluid that contains both activated vWF as well as non-activated vWF. The 
sample may in particular be a biological sample as described above, for example a 
biological sample obtained from a patient. The fluid may for example be a biological fluid 
such as blood or plasma, also for example obtained from a patient. 

As a non-limiting example of a method according to the latter embodiment, blood 
may be taken from a patient (either batch-wise or essentially continuously), after which 
activated vWF is selectively removed from the blood using the binding agent/method of 
the invention, after which the blood (with a decreased amount of activated vWF) is 
returned to the patient. For this purpose, the binding agent may be bound to a carrier, in 
order to facilitate the separation from the binding agent with the activated vWF from the 
blood to be returned to the patient. Suitable carriers and separation techniques (such as the 
use of specifically adapted dialysis equipment) will be clear to the skilled person, and are 
for example described in WO 04/062551 and in the US provisional application 
60/683,474. Alternatively, the binding agent may be tagged with a tag that facilitates 
removal of the tagged binding agent (with the activated vWF bound thereto) from the 
circulation. Such a tagged binding agent may then be administered to a patient (in any 
suitable manner known per se, for example by introduction directly into the circulation 
using intravenous injection or infusion) in an amount that is suitable for removing the 
desired amount of activated vWF from the circulation from the patient. Suitable tags for 
use in this embodiment (such as galactose), methods for attaching the same to the binding 
agent, and methods for performing this embodiment (such as the amounts to be 
administered) will be clear to the skilled person. For example, but without limitation, the 
methods of this embodiment may be used in the (selective) removal of activated vWF for 
or as part of the treatment of TTP, HELLP, type 2B vWF or other thrombotic disorders 
(including but not limited to those mentioned herein). 
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Various agents that block platelet thrombus formation are currently examined for 
their antithrombotic use to prevent ischemic complications. Although some agents have 
reached the clinic, the search for the "ideal anti-thrombotic drug" is still in process. 
Nanobodies, such as AU/VWFa-11 mentioned in the examples below, can be used as a 
treatment option to prevent thrombotic complications caused by the presence of circulating 
active VWF. Since AU/VWFa-11 recognizes active but not latent VWF, this Nanobody 
therefore removes only the dangerous vWF molecules. In contrast, levels of normal VWF 
remain unaffected, thereby avoiding the risk of bleeding complications as a result from 
VWF that are too low. Clearance of the vWF-nanobody complex may be accelerated by 
modifications of the nanobody. Such modifications include but are not limited to for 
instance galactose to enhance recognition by galactose-recognizing scavenger-receptors 
(asialoglycoprotein-receptor). Also other tags can be attached covalently to AU/VWFa-1 L 

As already mentioned in the applications by applicant referred to above, 
Nanobodies may also be used with advantage for imaging purposes. According to the 
present invention, it has been found that binding agents that are capable of specifically 
binding activated vWF in the presence of non-activated vWF, and in particular Nanobodies 
that are capable of specifically binding activated vWF in the presence of non-activated 
vWF, can in particular be used for in vivo imaging in order to localize platelet-rich 
thrombi. For this purpose, a binding agent may be used that is labelled in any suitable 
manner (for example, as described for Nanobodies in the US provisional application 
60/683,474). The labelled binding agent may then be administered to a subject (in any 
suitable manner known per se, for example by introduction directly into the circulation 
using intravenous injection or infusion) in an amount that is suitable for visualizing any 
platelet-rich thrombi that may be present in the circulation of the subject, after which the 
thrombi can be visualized in any manner known per se, for example using NMR, MRI, 
PET or any other suitable non-evasive technique (depending on the label used). 

For example, Nanobody AU/VWFa-11 described below can be used as a tracer- 
agent to localize thrombi in the vasculature of patients. In contrast to VWF that is 
circulating in plasma, the VWF that is present in thrombi is present in an active, platelet- 
binding conformation. Because Nanobody AU/VWFa-11 selectively recognizes active- 
VWF, this Nanobody will be selectively targeted to VWF present in thrombi. When the 
Nanobody is appropriately labelled, it therefore specifically localizes the thrombus. 
Appropriate labelling includes but is not limited to radionuclides used in nuclear medicine 
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(such as m In, 67 Ga, 68 Ga, 99 mTc), labels used for magnetic resonance imaging (such as 
Gd) or markers for detection via optical techniques (such as colloidal gold). 

The method of the invention can also be used to determine whether there are 
conditions of high or increased shear rate at any point or location within the circulation of a 
subject. According to the present invention, it has been found that the presence of such 
conditions of high or increased shear rate in the circulation leads to an increase of the 
levels of activated vWF in blood. The methods and binding agents described herein, which 
allow selective measurement of the levels of activated vWF in blood, serum or another 
biological sample, even in the presence of non-activated vWF, can therefore be used to 
determine whether there are increased levels of activated vWF - i.e. compared to a baseline 
level and/or by measuring the ratio of the level of activated vWF and the total level of vWF 
(or the level of non-activated vWF - in the blood or in a blood sample obtained from a 
patient, which may alert the clinical to the fact that conditions of high or increased shear 
rate are present somewhere in the circulation of a patient. This may for example, without 
limitation, be an indication of the presence of a full or partial constriction of the blood flow 
somewhere in the body of the patient, for example due to the presence of a thrombus or of 
atherosclerotic plaques in one or more of the blood vessels (veins and/or arteries) of the 
subject. These and other examples of diseases, conditions and disorders that are associated 
with and/or that may lead to constriction of blood flow and/or to conditions of high shear 
rate in the circulation of a patient will be clear to the skilled person, and the methods and 
binding agents described herein may be used for the (early) detection and/or diagnosis of 
all such diseases, conditions and disorders. 

The invention will now be further described by means of the non-limiting 
Experimental Part below and the attached non-limiting Figures, in which: 

Figure 1 is a graph showing differential binding of reference Nanobody and 
AU/VWFa-11 to wt-VWF and ristocetin-activated VWF. Fig. lA/Fig. IB: Pd-VWF was 
immobilized in microtiter wells (1 /xg/ml, overnight at 4°C) and incubated with different 
concentrations biotinylated reference Nanobody (Fig. 1A, 0-625 nM) and AU/VWFa-11 
(Fig. IB, 0-10 nM). Bound antibody was detected with HRP-conjugated streptavidin. Fig. 
lC/Fig. ID: Pd-VWF coated microtiter wells were incubated with reference Nanobody 
(62.5 nM, Fig. 1C) and AU/VWFa-11 (1.9 nM, Fig. ID). in the presence or absence of 
different concentrations of wt-VWF (•), or VWF preincubated with 1 mg/ml ristocetin (5 
min, room temperature, O)(0-90nM for the reference Nanobody and 0-20nM for 
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AU/VWFa-11). Bound antibody was monitored using streptavidin-HRP. Binding in the 
absence of VWF was set to be 100%. Residual binding in the presence of VWF was plotted 
against the ratio VWF (nM) : antibody (nM). Data represent the mean ± SD of 3 
experiments. 

Figure 2 is a graph showing the characteristics of the interaction between 
AU/VWFa-1 1 and the Al domain. Fig. 2A: Different concentrations of the Al domain (0- 
500 nM) were perfused over a CM5-sensor chip coated with 0.08 pmol/mm 2 AU/VWFa-1 1 
at a flowrate of 20/il/min. The response at equilibrium (mol Al : mol AU/VWFa-1 1) was 
plotted against the concentration of VWF/A1 that was perfused over the chip. Fig. 2B: 
VWF/A1(1238-1481), VWF/A1 (1261 -1468) and VWF/A1(1261-1468)/R1306Q (500 nM) 
were perfused over a CM5 sensor chip coated with 0.12 pmol/mm 2 AU/VWFa-11 at a 
flowrate of 5pd/min. Binding was allowed for 240 s, then buffer was perfused over the chip 
to allow dissociation. 

Figure 3 is a graph showing different binding sites for Gplbot and AU/VWFa-11. 
Fig. 3 A: Microtiter wells were coated with wt-VWF (37 nM in 50mM NaHC0 3 buffer), 
overnight at 4°C. After blocking wells 1 h at room temperature with 0.5% PVP in PBS, 
wells were incubated with AU/VWFa-11 or reference Nanobody (1.25 jjM in PBS, 1 h, 
room temperature). After washing with PBS, CHO-cells expressing the GpIb-DC-V 
complex (1 x 10 5 cells in DMEM containing 0.1% BSA) were allowed to bind in the 
presence or absence of the reference Nanobody or AU/VWFa-11 (1.25 /xM). Binding of 
these cells was monitored by measuring the intrinsic alkaline phosphatase activity of the 
cells and set to be 100% in the absence of antibodies. Data represent the mean ± SEM of 3 
experiments. Fig. 3B-D: Whole blood was perfused over coverslips coated with collagen 
type III (30 /ig/cm 2 in 0.05 mol/1 acetic acid) in the absence (Fig. 3B) or presence of the 
reference Nanobody (31.3 or 125 nM, Fig. 3C) or AU/VWFa-11 (62.5 or 625 nM, Fig. 3D) 
at a shear rate of 1600 s" 1 . Fig. 3E/Fig. 3F: Reconstituted blood was perfused over 
coverslips coated with pd-VWF (15 fig/ml) in the absence (Fig. 3E) or presence of 625 nM 
AU/VWFa-11 (Fig. 3F) at a shear rate of 1600 s'K After perfusion adhered platelets were 
fixed in 0.5% glutaraldehyde in PBS, dehydrated in methanol and stained with May- 
Griinwald and Giemsa. Fig. 3G: Platelet adhesion was evaluated using computer-assisted 
analysis and was expressed as the percentage of surface covered with platelets (n=3). 

Figure 4 is a graph showing the effect of ristocetin and the R1306Q mutation on 
binding to AU/VWFa-1 1 . Microtiter wells were coated overnight at 37°C with AU/VWFa- 
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1 1 (5 /ig/ml in 50 mM NaHC0 3 , pH 9.6) and blocked 30 min at 37°C with 3% BSA, 0.1% 
Tween-20 in PBS. After washing, microtiter wells were incubated with medium containing 
different concentrations of wt-VWF (squares) or VWF/R1306Q (circles) (0-3.7 nM). 
Binding was allowed for 1 h at 37°C in the presence (open symbols) or absence (closed 
symbols) of 1 mg/ml ristocetin. Microtiter wells were washed using 0.1% Tween-20 in 
PBS and incubated with HRP-conjugated polyclonal anti-VWF antibody. Bound VWF was 
detected by measuring peroxidase activity. Data represent the mean ± SD of 3 experiments. 

Figure 5 is a graph showing activated VWF present in VWD type 2B plasma. Fig. 
5 A: Microtiter wells coated with AU/VWFa-11 (5 /xg/ml) were blocked 30 min with 3% 
BSA, 0.1% Tween-20 in PBS. NPP (■), plasma from normal individuals (n=9, open 
symbols) and VWD type 2B plasma (n=12, triangles) were diluted in PBS to obtain a 
concentration range (0.23-0.93 nM). After washing, wells were incubated 1 h at 37°C with 
the diluted plasmas. Bound VWF was detected using HRP-conjugated polyclonal anti- 
VWF antibody. The concentration of VWF in the diluted samples was plotted against the 
measured OD490nm. The slope found for NPP was set to be 1. Arrows indicate the slopes 
found for two different VWD type 2B patients. Data represent the mean ± SD of 2 
experiments. Fig. 5B: The activation factors were calculated using equation 1 and plotted 
in a scatter plot. Arrows indicate the activation factors calculated for patient 1 and 2 from 
figure A. The activation factor found for VWD type 2B patients was significantly higher 
than for the normal individuals (p < 0.001). Data represent the mean ± SD of 2 
experiments. Fig. 5C: The activation factor calculated for 9 VWD type 2B patients was 
plotted against the thrombocyte counts in these samples and a correlation was found to be 
significant (p<0.003, R 2 =0.7401). 

Figure 6 is a graph showing detection of activated VWF in TTP plasma. Fig. 
6 A/Fig. 6C: AU/VWFa-11 coated microtiter wells were incubated with NPP (■ ), plasma 
from normal individuals (n=9, □) and plasma from patients suffering from acquired TTP 
(Fig. 6A, n=12, •) or congenital TTP (Fig. 6C, n=5, ±). Plasma was diluted before 
incubation to obtain a concentration range of VWF (62-250 ng/ml). Bound VWF was 
monitored with HRP-conjugated anti-VWF antibody. The amount of VWF in the diluted 
sample was plotted against the HRP activity (OD490nm). Slopes were calculated and the 
slope found for NPP was set to be 1. Arrows indicate the slopes found for a patient 
suffering from acquired TTP (1) or congenital TTP (2). Fig. 6B/Fig. 6D: The activation 
factor was calculated and plotted in a scatter plot. Arrows indicate the values found for the 
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patients plotted in Fig. 6A and Fig. 6C. Activation factors found for acquired and 
congenital TTP were significantly higher than for the normal individuals (acquired TTP vs. 
normal: pO.OOOl and congenital TTP vs. normal p<0.03). The activation factor found for 
congenital TTP was also significantly elevated when compared to acquired TTP (p<0.05). 
Data represent the mean ± SD of 2 experiments. 

Figure 7 is a graph showing elevated levels of active VWF in HELLP syndrome. 
NPP, samples of normal individuals (n=9, □) and normal pregnant controls (n=9, 
"Normale zwangeren"), samples of patients suffering from preeclampsia (n=6, "Pre- 
eclampsia) and of patients with HELLP syndrome (n=44, O) were diluted in PBS to reach 
a concentration range of VWF (250 - 31.5 ng/ml). Diluted samples were incubated 1 h at 
37°C in AU/VWFa-1 1 coated wells (5 yg/ml, coated overnight at 4°C 50mM NaHC0 3 > pH 
9.6, overnight at 4°C). Bound VWF was detected with HRP-conjugated polyclonal anti- 
VWF antibody. The amount of VWF in the diluted sample was plotted against the HRP 
activity (OD490nm). Slopes were calculated and the slope found for NPP was set to be 1. 
Data represent the mean ± SD of 2 experiments. 

Experimental Part. 

Platelets and Von Willebrand Factor coexist in circulation, but interaction only 
occurs at sites of injury. At these sites, VWF functions as a molecular bridge between the 
exposed subendothelial matrix and the GpIb-DC-V complex on platelets. A shift in the Al- 
domain of VWF to a Gplb-binding conformation is required for this interaction. In the 
present paper, llama antibody variable domain ("Nanobody™") AU/VWFa-1 1 is 
discussed, that can distinguish between the non-binding and the binding conformation of 
VWF. This antibody variable domain recognizes a site in the Al domain that is only 
exposed upon activation of VWF. The affinity of AU/VWFa-1 1 for the isolated Al domain 
was found to be 77 nM, but introduction of Von Willebrand Disease type 2B mutation 
R1306Q, or incubation with ristocetin increased the binding efficiency. Using AU/VWFa- 
11, the conformation of VWF in plasma of VWD type 2B and Thrombotic 
Thrombocytopenic Purpura (TTP) patients was studied. Although, these diseases have 
different phenotypical appearances, both are characterized by thrombocytopenia, caused by 
spontaneous platelet- VWF interaction. Plasma of VWD type 2B and TTP patients 
contained significantly increased levels of activated VWF (resp. p<0.001 and pO.OOOl). 
Moreover, in VWD type 2B patients an inverse correlation was found between the amount 
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of activated VWF and the platelet number. VWF from patients with the congenital fonn of 
TTP was significantly more activated than VWF from acquired TTP patients (p<0,05). In 
conclusion, an AU/VWFa-1 1 immunosorbent assay could be used for the detection of TTP 
and to distinguish between acquired and congential TTP. It also could provide a tool to 
investigate the role of VWF in other diseases. 

Adhesion of platelets to the injured vessel wall is a multistep process, involving 
several components, including von Willebrand Factor (VWF). VWF is an adhesive 
glycoprotein that circulates in plasma as an array of multimeric subunits. 1 This multimeric 
structure allows VWF to function as a molecular bridge between the subendothelial matrix 
and the platelet-surface Glycoprotein (Gp) Ib/IX/V complex. Complex formation between 
VWF and the GpIb/IX/V receptor is of particular importance for the tethering of platelets 
on vascular surfaces exposed to rapidly flowing blood. 2 

The interaction between VWF and the GpIb/IX/V complex is mediated by specific 
regions of both components: VWF residues 1238-1481 (the so-called Al domain) 
comprises an interactive site for residues 1-290 of Gplbct. 3 Although, the structure of this 
complex has been solved at the atomic level 4 , some issues regarding this interaction have 
remained unclear. For instance, despite the notion that VWF and Gplba coexist in the 
circulation, their interaction does not occur under normal conditions. In contrast, the 
isolated recombinant Al domain does display spontaneous binding to Gplba. Apparently, 
a shift from a non-binding to a binding mode of the VWF Al domain in its multimeric 
environment is required to induce complex formation. 4 However, the molecular basis of 
this activation-step is largely unknown. 

Activation of the Al domain can be induced by several means. Non-physiological 
activation of the Al domain occurs through direct immobilisation of purified VWF onto 
artificial surfaces, such as glass or plastic. In vitro activation of VWF is also achieved by 
the addition of modulators, such as the snake-venom component botrocetin or the antibiotic 
ristocetin. 5,6 Furthermore, physiological activation of VWF is induced upon its binding to 
the subendothelial matrix component collagen, or under conditions of very high shear 

stress. Also various pathological conditions may lead to premature complex formation 

I 

between VWF and platelet Gplba. Some ^ain-of-function mutations in the VWF Al 
domain may increase the affinity for Gplba. Such mutations are associated with von 
Willebrand disease type 2B, the patients of which are characterized by loss of high 
molecular weight multimers from plasma, increased ristocetin induced platelet aggregation, 
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a prolonged bleeding time and thrombocytopenia. 7,8 Another condition that has been 
reported to allow spontaneous platelet adhesion relates to the size of muitimeric VWF. 
Multimeric VWF is stored in Weibel-Palade bodies in endothelial cells, and released upon 
stimulation. 9 " 11 The newly released VWF is enriched in ultra-large (UL)-VWF multimers, 
which have the potential to bind platelets in the absence of any modulators. 12 Direct release 
of the UL-VWF molecules in the circulation is prevented by proteolysis of these multimers 
at the endothelial surface. 13 This process is mediated by the recently identified protease 
ADAMTS-13, which cleaves mature VWF between residues Metl605 and Tyrl606. 14 ' 15 
Once cleaved by ADAMTS-13, the residual multimers have lost the ability to bind 
platelets spontaneously. The importance of ADAMTS-13 activity is illustrated by the life- 
threatening disease Thrombotic Thrombocytopenic Purpura (TIP), in which ADAMTS-13 
activity is low or absent. ADAMTS-13 deficiency is caused by inhibiting antibodies 
(acquired TIP) 16 or by mutations in the gene encoding ADAMTS-13 (congenital 
TTP) 17,18 . In the absence of ADAMTS-13 activity, an excess of UL-VWF multimers is 
released into the circulation, which leads to spontaneous platelet binding and subsequent 
thrombus formation in the microvasculature. 19 This causes haemolytic anemia, renal 
failure, neurological deficits, fever and sometimes coma. 20 

Although VWD type 2B and TTP are associated with different phenotypic 
appearances, they have in common that at least part of the circulating VWF multimers 
should exist in an active conformation. The presence of activated VWF can be determined 
indirectly by measuring ristocetin dependent platelet aggregation. However, this method is 
insensitive and can not be used when the VWF antigen is low. Herein, a llama-derived 
monoclonal antibody variable domain is described that recognizes immobilized VWF but 
not native VWF, suggesting that this antibody variable domain recognizes an epitope 
within the VWF Al domain that becomes exposed upon activation of VWF. This antibody 
variable domain was subsequently used to monitor the presence of activated VWF in 
plasma samples of VWD type 2B and TTP patients. This analysis revealed that in the 
circulation of both patient groups the levels of activated VWF are elevated 2-10 fold 
compared to normal individuals. 

Materials and Methods 

Proteins and antibodies. 

Recombinant Gplba (residues 1-290) was expressed and purified as described. 4 
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The Gplba antibody (2D4) was a kind gift of Dr. H. Deckmyn (Kortrijk, Belgium). 
Botrocetin was purchased from Kordia laboratory supplies (Leiden, The Netherlands). 
Plasma derived (pd)-VWF was purified from cryoprecipitate (Haemate P 250 IE, 
Behringwerke AG, Marburg, Germany) as described. 21 Bovine serum albumin and human 
placental collagen type III were from Sigma and human albumin (Fraction V) was from 
MP Biochemicals (Irvine, CA USA). Polyclonal antibodies against VWF and HRP- 
conjugated antibodies against VWF were obtained from Dakocytomation (Glostrup, 
Denmark). 

Construction and expression of recombinant proteins. 

Construction of expression vector pNUT encoding wt-VWF and VWF/R1306Q was 
described previously. 22 " 24 VWF/A1(1261-1468) and VWF/A1(1261-1468)-R1306Q were 
cloned into expression vector pPIC9 and overexpressed in Pichia pastoris. 4 pNUT- 
VWF/A1(1238-1481) was constructed by generating a PCR product with forward primer 
5 '-GGATCCC AGGAGCCGGGAGGCCTGGTGG-3 ' and reverse primer 5'- 
GCGGCCGCCCCCGGGCCCACAGTGACTTG-3', for which pNUT-VWF served as 
template. After sequence analysis, the BamHI-NotI fragment was ligated into a BamHI- 
Notl digested pNUT vector containing a C-terminal 6-histidine tag. Wt-VWF, 
VWF/R1306Q and VWF/A1(1238-1481) were stably expressed in baby hamster kidney- 
cells, that also overexpress furin for proper removal of the propeptide. 22 The full-length 
proteins were purified from conditioned serum-free medium as described. 25 
VWF/A1(1238-1481) was purified from expression medium using Ni 2+ /NTA 
chromatography. 4 VWF/A1(1261-1468) and VWF/A1(1261-1468)-R1306Q were 
expressed in Pichia pastoris and purified on heparin sepharose, followed by gel filtration. 4 
Analysis on SDS-PAGE showed that all recombinant proteins were purified to 
homogeneity. The multimeric structure of wt-VWF and VWF/R1306Q was analysed using 
0.1% SDS, 1% agarose gel electrophoresis as described previously. 26 

Production and selection of antibody variable domains (Nanobodies™). 

Llama antibodies were raised by immunization with a wt-VWF preparation 
containing high molecular weight multimers. Immunization and library construction were 
performed as described. 27 For selection of antibody variable domains the wells of a 
maxisorp microtiter plate (NUNC, Denmark) were coated with 5 fig/ml VWF/A1(1238- 
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1481) in 50 mM NaHCOs buffer (pH 9.6, overnight at 4°C). After washing, the wells were 
blocked for 3 h at room temperature with PBS containing 1% casein (PBS-C) and 
incubated with the phages (2 h room temperature). Wells were washed 10 times with PBS 
and bound phages were eluted with 0.2 M glycin buffer (pH 2.4, 20 min at room 

28 

temperature). The eluted phages were added to exponentially growing E. coli TGI -cells 
and cells were plated onto LB-ampicilin. In the second round, phages were resuspended in 
10 jUg/ml recombinant wt-VWF before incubation in VWF/A1(1238-1481) coated 
microtiter wells. Wells were washed 7 times for 30 min with 10 jig/ml wt-VWF and bound 
phages were eluted and allowed to infect TG-1 cells. Expression was induced by adding 1 
mM isopropyl-l-thio-p-D-galactopyranoside to a TG-1 cell culture (OD600nm=0.5), 
periplasmic proteins were extracted as described 29 and analyzed for binding to coated 
VWF/A1(1238-1481) (2 iig/ml). Binding was detected with a polyclonal rabbit-anti-llama 
antibody (Dakocytomation) and an HRP-conjugated goat-anti-rabbit antibody (Ablynx, 
Zwijnaarde, Belgium). DNA of all positive clones was digested with Hinft and clones with 
different Hinfl patterns were used to transform into the non-suppressor strain of E. coli, 
WK-6 cells. 27 Periplasmic samples were prepared as described and antibody variable 
domains were purified to homogeneity using Ni 2+ /NTA resin. 

Competition assay. 

The specificity of the interaction between AU/VWFa-11 and activated VWF was 
assessed in an immunosorbent assay, in which purified pd-VWF (3. 7 nM) was 
immobilized in microtiter wells (Costar, Cambridge MA, USA). Wells were blocked with 
PBS containing 3% BSA and 0.1% Tween-20 for 1 h at 37°C and incubated with different 
concentrations of a reference Nanobody (in accordance with WO 04/062551) and 
biotinylatyted AU/VWFa-11 (0-625 nM) in PBS for 1 h at 37°C. Binding of the antibody 
variable domains was monitored with HRP-conjugated streptavidin and the antibody 
concentration at half maximum binding was determined. These concentrations were used 
in the competition assay, in which pd-VWF coated wells were incubated with either of the 
antibodies in the absence or presence of indicated concentrations of wt-VWF or wt-VWF 
preincubated with 1 mg/ml ristocetin (5 min at room temperature) (0-1 15 nM soluble VWF 
for die reference Nanobody and 0-38 nM for AU/VWFa-11). After washing, wells were 
incubated with HRP-conjugated streptavidin (Dakocytomation, Denmark) and binding was 
detected by measuring HRP-activity using o-phenylenediamine (OPD) as substrate. 
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Surface Plasmon Resonance Analysis. 

Surface Plasmon Resonance (SPR) binding studies were performed using a Biacore 
2000 system (Biacore AB, Uppsala, Sweden). AU/VWFa-1 1 was immobilized on a CM5 
sensor chip using the amine-coupling kit as instructed by the supplier (Biacore AB, 
Uppsala, Sweden). V128H, a nanobody recognizing the A3 domain of VWF, was used as a 
control. Binding of VWF/A1(1238-1281), VWF/A1(1261-1468) and VWF/A1(1261- 
1468)-R1306Q (a type 2B mutation) to the AU/VWFa-1 1 coated channel was corrected for 
binding to the V128H coated channel. Binding of VWF constructs to the immobilized 
nanobodies was performed in 150 mM NaCl, 25 nM Hepes, 0.005% Tween-20 (pH 7.4) at 
25°C with a flow rate of 5 jttl/min. Regeneration of the surface was performed by 
subsequent application of 50 mM triethyl amine and formate buffer (10 mM NaHC0 2 and 
150 mM NaCl pH 2.0). 

Static adhesion ofCHO-cells expressing the GpIb-IX-V complex to immobilized VWF. 

Wt-VWF (37 nM) was immobilized overnight at 4°C in microtiter wells (Nunclon, 
NUNC, Denmark) in 50mM NaHC0 3 (pH 9.6). Wells were blocked with 0.5% PVP in 
PBS for 1 h at room temperature and incubated with 1.25 ^M AU/VWFa-1 1 or reference 
Nanobody (1 h at room temperature). After washing three times with PBS, CHO-cells 
expressing the GpIb-IX-V complex (generous gift of Dr. Lopez), 1 x 10 5 cells in DMEM 
containing 0.1% BSA) were allowed to bind to immobilized VWF (90 min at 37°C) in the 
presence or absence of the reference Nanobody or AU/VWFa-1 1 (1.25 pM). Wells were 
washed and binding of cells was detected by measuring the intrinsic alkalic phophatase 
activity of the CHO-cells, using p-nitrophenyl phosphate (PNP, Sigma) as a substrate 
diluted in lysisbuffer (3 mg/ml PNP in 1% Triton-X-100, 50mM acetic acid, pH 5.0). 

Platelet adhesion to Collagen type III and VWF. 

Perfusions over collagen type III were carried out with whole blood, drawn from 
healthy volunteers who denied ingestion of aspirin or other nonsteroidal anti-inflammatory 
drugs for the preceding 10 days, into 0.1 volume of 50 /xg/ml PPACK (H-D-Phe-Pro-Arg- 
Chloromethylketone, Bachem, Torrence, CA USA) and 20 U/ml Pentasaccharide. 
Thermanox coverslips (NUNC, Denmark) were coated with collagen type HI 30 and whole 
blood was perfused over the coverslips for 5 min at 1600 s"\ Perfusions over VWF coated 
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coverslips was performed with reconstituted blood at a shear rate of 1600 s" 1 as described. 30 
After perfusion, slides were washed, fixed and stained 30 and platelet adhesion was 
evaluated using computer assisted analysis with OPT1MAS 6.0 software (Dutch Vision 
Systems BV, Breda, The Netherlands). All perfusions were performed 3 times. 

Patient materials. 

Plasma samples of healthy donors (n=9), patients with VWD type 2B (n=10) and 
patients with acquired (n=12) or congenital TTP (n=5) were collected in 3.1% citrate using 
a vacutainer system. VWD type 2B was diagnosed in families with the typical pattern of an 
autosomal inherited bleeding disorder with thrombocytopenia, high ristocetin induced 
platelet aggregation and the absence of high multimeric VWF multimers on gel 
electrophoresis. Patients with acquired thrombotic thrombocytopenic purpura were 
characterized by thrombocytopenia, Coombs negative hemolytic anemia and the presence 
of fragmented erythrocytes in peripheral blood. Other causes for hemolytic anemia and 
thrombocytopenia were excluded and all patients were treated with plasma exchange. 
Response to plasma exchange was observed in all patients. Plasma samples were taken 
before treatment and ADAMTS-13 activity was found to be absent in these samples. 
Plasma samples of five patients with a congenital form of TTP were kindly provided by 
Dr. J.P. Girma (Hopital de Bicetre, Paris, France). Platelet poor plasma (PPP) was 
aliquoted and frozen at -80°C. For normal pool plasma (NPP) PPP of 40 healthy donors 
was pooled and was stored in aliquots at -80°C. All patients gave informed consent for the 
sampling of blood for scientific purposes. 

Immunosorbent assay for activated VWF. 

VWF antigen levels were quantified as described before. 26 Microtiter wells 
(Maxisorb, NUNC, Denmark) were coated overnight at 4°C with 5 /*g/ml AU/VWFa-1 1 in 
50mM NaHC0 3 (pH 9.6) and blocked with PBS containing 3% BSA and 0.1% Tween-20 
for 30 min at 37°C. Wells were washed 3 times with PBS containing 0.1% Tween-20 and 
incubated with culture medium containing wt-VWF or VWF-R1306Q, or plasma samples 
(1 h 37°C). All samples were diluted in PBS to reach a VWF concentration between 0.23 
and 1 .85 nM. After washing three times with PBS-Tween plates were incubated with HRP- 
conjugated polyclonal anti-VWF (1.3 /zg/ml) in PBS for 1 h at 37°C. Plates were washed 3 
times with PBS-Tween and binding was detected by measuring the HRP-activity using o- 
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phenylenediamine as a substrate (Merck, Germany). Normal pool plasma (NPP) was used 
as standard in every ELISA. The slope of the different plasma samples was compared with 
the slope found for NPP binding using equation 1. The factor calculated with equation 1 
was called the activation factor. 

(slopesampie / slope NPP ) = activation factor (Equation 1) 

Variation of the AU/VWFa-J 1 immunosorbent assay. 

To determine the intra-experiment variation of the AU/VWFa-11 immunosorbent 
assay, AU/VWFa-1 1 coated wells of one microtiter plate were incubated with one sample 
(normal individual no. 7) 10 times. Moreover, sample no. 7 was measured in 10 different 
experiments to determine the inter-experiment variation. NPP was used as standard and the 
activation factor was calculated. The intra-experiment variation was 7.1% and the variation 
between different experiments was 13.7%. 

Data analysis and statistics. 

Analysis of SPR data and AU/VWFa-1 1 immunosorbent assay data were performed 
using Graph Pad Prism (GraphPad Prism version 4.0 for windows, GraphPad Software, 
San Diego, CA). Data were expressed as mean with standard deviation. An unpaired t-test 
with Welch correction was performed to compare the mean levels of activated VWF 
between the different patient groups. A p<0.05 was considered significant. 

Results 

Nanobody AU/VWFa-1 1 specifically recognizes the active conformation of VWF. 

In order to obtain antibodies that predominantly recognize activated but not native 
VWF, a llama was immunized with purified VWF preparations that contained UL-VWF 
(multimer size exceeding 20 subunits). Subsequently, the antibody repertoire of the animal 
was cloned, and monoclonal antibody variable domains were selected for their ability to 
bind to immobilized VWF through phage-display technology. The anti-VWF antibody 
variable domains that were isolated through this procedure were then screened for binding 
to an immobilized recombinant Al fragment. Of the variable domains that were obtained, 
two were selected for further analysis, AU/VWFa-11 and a reference Nanobody. Both 
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domains were monitored for their ability to distinguish between native VWF and 
ristocetin-activated VWF. To this end, purified recombinant wt-VWF was immobilized in 
microtiter wells. This procedure leads to conformational changes in the molecule, allowing 
the binding of antibodies that are specific for activated VWF. As expected, both 
biotinylated antibodies bound to immobilized VWF in a dose-dependent and saturable 
manner. Half maximum binding was obtained at 62.5 nM for the reference Nanobody, or at 
1.9 nM for AU/VWFa-11 (Fig. 1A/B). These concentrations were used in a competition 
assay, in which binding of the antibodies was studied in the presence of different 
concentrations of soluble wt-VWF or wt-VWF preincubated with ristocetin (Fig. IB). The 
presence of an equal molar concentration of both competitors reduced binding of 
biotinylated reference Nanobody by ±90%. In contrast, binding of biotinylated AU/VWFa- 
1 1 remained unaffected in the presence of a 20-fold molar excess of wt-VWF, whereas 
ristocetin-activated VWF interfered with binding in a dose-dependent manner. Apparently 
AU/VWFa-1 1 has the potential to selectively recognize VWF that is, at least in part, in an 
activated conformation. 

AU/VWFa-11 recognizes epitope in Al domain 

The interaction between Nanobody AU/VWFa-1 1 and the Al domain of VWF was 
then investigated in more detail. First, the interaction between AU/VWFa-11 and 
VWF/A1(1238-1481) was monitored in a quantitative manner using SPR analysis. Various 
concentrations of VWF/A1(1238-1481) (0-500 nM) were perfused over immobilized 
AU/VWFa-11 (0.08 pmol/mm 2 ) at a flow rate of 20 jtil/min. VWF/A1(1238-1481) 
associated to the immobilized Nanobody in a dose-dependent, saturable and reversible 
manner (Fig. 2A). Equilibrium-based analysis of the binding fo isolated Al domain to 
immobilized AU/VWFa-11 revealed an affinity constant of 77 nM. In an alternative 
approach, the binding of Nanobody AU/VWFa-11 to three variants of the Al domain: 
VWF/A1(1238-1481) (which includes flanking regions of the Al domain), VWF/A1(1261- 
1468) (which lacks the flanking regions) and VWF/A1(1261-1468)-R1306Q (containing 
the type 2B mutation Argl306 to Gin) was compared. All three VWF/A1 domains were 
perfused over an AU/VWFa-1 1 coated CM5 sensor chip (0.12 pmol/mm 2 ) at a flowrate of 
5 jxl/min and were bound by the Nanobody (Fig. 2B). Perfusion of VWF/A1(1261- 
1468)over the AU/VWFa-11 coated chip resulted in a higher signal than perfusion of 
VWF/A1(1238-1481). Moreover, VWF/A1(1261-1468)-R1306Q was bound more 
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efficiently than VWF/A1(1261-1468). These results may suggest that exposure of the 
epitope of Nanobody AU/VWFa-1 1 indeed relies on the activation of the Al domain. 

Gplb and AU/VWFa-1 1 bind different regions within theAl domain 

The conformation induced by ristocetin, immobilization of VWF, or a VWD type 
2B mutation, promotes binding to Gplba and this conformation is also specifically 
recognized by AU/VWFa-1 1 . Therefore, the possibility was considered that AU/VWFa-1 1 
and Gplba bind to similar regions in the Al domain. This was first tested in a static 
adhesion assay, in which CHO-cells expressing the GpIb-IX-V complex were allowed to 
bind to immobilized wt-VWF in the presence or absence of the above reference Nanobody 
or the Nanobody AU/VWFa-1 1. As expected, the CHO-cells bound efficiently to 
immobilized VWF (Fig. 3A), confirming that immobilization of VWF induces the shift to a 
Gplb-binding conformation. This interaction was partially inhibited (up to 59%) by 1.25 
jiM of the reference Nanobody. In contrast, even in the presence of 1.25 \iM AU/VWFa- 
11, binding of the CHO-cells to immobilized VWF remained unaffected, suggesting that 
the binding site for AU/VWFa-1 1 is distinct from the binding site for Gplba. 

Since the effect of both Nanobodies on the binding of VWF to Gplba may be 
different under flow conditions, their effect in a perfusion assay was studied. Human whole 
blood was perfused over a collagen type HI surface at high shear (1600 s" 1 ). Under these 
conditions, platelet adhesion is fully dependent on the interaction between VWF and 
Gplba. 31 In the absence of Nanobodies, these conditions resulted in a platelet coverage of 
67.8 ± 8.3% (n=3)(Fig. 3B). The presence of the reference Nanobody was associated with 
a decreased platelet coverage (49.8 ± 4.5% and 24.9 ± 3.1% in the presence of 31.3 and 
125 nM antibody, respectively) (Fig. 3C). In contrast, even in the presence of 625 nM 
antibody AU/VWFa-1 1, platelet coverage was still similar to that in its absence (73.3 ± 
4.4%, Fig. 3D). Moreover, platelet adhesion to a VWF-surface remained unaffected in the 
presence of AU/VWFa-1 1 (Fig. 3E/F). These data are compatible with the view that Gplba 
and antibody AU/VWFa-1 1 bind to different regions of the Al domain. 

Immunosorbent assay for detection of activated VWF in solution 

Although Gplba and Nanobody AU/VWFa-11 bind to distinct sites within VWF, 
both have in common that they only recognize VWF in its activated form, which is for 
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instance induced by immobilization, ristocetin or VWD type 2B mutations. This unique 
feature makes it possible to use this antibody for the detection of activated VWF in 
solution. As a first example, the binding of recombinant wt-VWF and recombinant 
VWF/R1306Q to immobilized Nanobody AU/VWFa-11 was compared. Therefore, this 
particular Nanobody was immobilized in microtiter wells, and incubated with various 
concentrations (0-3.7 nM) of wt-VWF and VWF/R1306Q in the absence and presence of 
ristocetin. The amount of bound VWF was subsequently monitored using HRP-conjugated 
polyclonal antibodies against VWF. With regard to wt-VWF, some binding could be 
observed, but absorbance values remained below 0.3 (Fig. 4). The addition of ristocetin 
resulted in a strong increase in binding, represented by a 6-fold increase in absorbance (up 
to 1.85). This difference was quantified by calculating the respective slopes of the initial, 
linear parts of the curve. This revealed that the slope for VWF/ristocetin was increased 2.7 
fold compared to wt-VWF alone. A similar increase in slope compared to wt-VWF could 
be observed for VWF/R1306Q in the absence of ristocetin (Fig. 4). Moreover, this increase 
was not further enhanced in the presence of ristocetin. Apparently, this assay provides a 
useful tool to detect circulating VWF containing an Al domain in active conformation. 

Detection of activated VWF in patient plasma 

Since Nanobody AU/VWFa-1 1 was particularly efficient in the detection of active 
VWF in solution, it was tested whether this Nanobody could be used for the detection of 
active VWF in plasma of patients. First, the plasma of patients previously defined as type 
2B was analyzed, as well as a group of normal individuals. As a reference, normal pooled 
plasma (NPP) was used (see materials and methods). The absorbance values obtained for 
NPP remained low (Fig. 5 A), and the slope was set to be 1. Also for each of the normal 
individuals, only low absorbance values were detected, suggesting low amounts of active 
VWF in their plasma (Fig. 5 A). The mean slope compared to NPP was 0.70±0.13 (n=9; 
Fig. 5B). In contrast, high amounts of active VWF could be determined in the plasmas of 
the VWD type 2B patients, as illustrated by the strongly increased absorbance values (Fig. 
5A). The mean slope of was calculated to be 8.4±4.5 (n=10; /?=0.0006 compared to normal 
individuals; Fig. 5B). Thus, this assay indeed seems to be useful to analyze the presence of 
active VWF in plasma of patients. 
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Congelation between VWF activation and platelet count 

Interestingly, the activation factor determined for VWF in plasma of VWD type 2B 
patients, varied considerably (1.95 - 14.0). This variation was not found in plasma of 
normal individuals (0.51 -0.89). VWF containing type 2B mutations binds spontaneously 
to platelets, leading to enhanced clearance of both platelets and VWF. Therefore, the 
possibility was considered that the relative activation of VWF in circulation influenced the 
formation of platelet- VWF complexes. To address this question, the platelet count in the 
different plasma samples was measured and plotted this against the activation factor. A 
strong inverse correlation was found between these parameters (Fig. 5C, p<0.003, 
R 2 =0.7401). 

Detection of active VWF in plasma of TTP patients 

A second group of patients that was analyzed for the presence of active VWF in 
their plasma were patients lacking ADAMTS-13 activity, which was clinically manifested 
as TTP. Two groups could be distinguished: one group was defined as patients having a 
congenital deficiency of ADAMTS-13 (n=5), whereas a second group had an acquired 
deficiency of ADAMTS-13 (n=12). Compared to the group of normal individuals (see 
above), patients having acquired ADAMTS-13 deficiency appeared to have increased 
levels of active VWF in their plasma. The mean slope was calculated to be 1.5210.40 
(pO.OOOl), which is significantly higher compared to the group of normal individuals. 
Also the patients with congenital ADAMTS-13 deficiency contained active VWF in their 
plasma. Interestingly, the amount of active VWF (slope=5.85 ± 3.3) was increased not only 
compared to the normal individuals (/?<0.03), but also compared to the acquired 
ADAMTS-13-deficient patients (p<0.05). Moreover, no overlap in slope values was 
observed between each of the normal individuals and the two patient groups. This suggests 
that the assay may be useful for the diagnosis of ADAMTS-13 deficiency in that it allows 
rapid distinguishing between acquired and congenital ADAMTS-13 deficiency. 

VWF in the Gplb-binding conformation in HELLP syndrome 

A third pathological condition characterized by thrombocytopenia is HELLP 
syndrome (Haemolysis, Elevated Liver enzymes and Low Platelets). VWF antigen levels 
are increased during normal pregnancy and even more in patients suffering from 
preeclampsia and HELLP (hemolysis, elevated liver enzymes, and low platelets), which is 
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considered to be a severe form of preeclampsia. HELLP is characterized by a consumptive 
thrombocytopenia and is a risk for maternal and neonatal morbidity and mortality. Binding 
of VWF to AU/VWFa-11 was analysed in an immunosorbent assay for normal pregnant 
controls (n=9), patients with preeclampsia (n=6) and patients during HELLP syndrome 
(n=44) The activation factor calculated for patients with preeclampsia was not significantly 
elevated compared to the healthy pregnant controls. However, in patients suffering from 
HELLP syndrome the level of activated VWF was significantly increased compared to 
normal pregnant controls (pO.OOOl) and compared to patients with preeclampsia 
(pO.0001). The VWF-activation factor correlated significantly with both VWF antigen 
levels and with VWF ristocetin cofactor activity measured in the same samples. 
(Spearman's rank correlation coefficient 0.908, /K0.0001). 

Discussion 

During the adhesion of platelets to the injured vessel wall, VWF functions as a 
molecular bridge between the exposed subendothelial matrix and the GpIb-IX-V complex. 
For the interaction between Gplba and the Al domain of VWF, activation by a shift from a 
non-binding to a binding mode is required. Although under various pathological 
conditions, such as VWD type 2B and TTP, spontaneous interaction between VWF and 
platelets occurs, so far no assay has been developed to detect the presence of such activated 
VWF molecules directly in plasma. Herein, antibodies and variable domains thereof are 
described that are able to distinguish between the resting and the activated state of VWF. 
Using this antibody, it was shown that activated VWF circulates in plasma of patients with 
VWD type 2B and TTP. 

To develop an antibody that could distinguish between the Gplb-binding and non- 
binding conformation of VWF, llamas were immunized with recombinant wt-VWF. 
Llamas produce a substantial proportion of their functional immunoglobulins as 
homodimers of heavy chains lacking light chains. 32 These antibodies are small (16 kD) and 
have been reported to react specifically and with high affinity to their antigens. 27 
Moreover, it is relatively easy to generate a library and screen many antibodies using phage 
display technology. This procedure resulted in a Nanobody, AU/VWFa-11, that was found 
to specifically recognize the Al domain if VWF was preincubated with ristocetin (Figure 
1). The binding site for AU/VWFa-1 1 in the Al domain of VWF was also exposed when a 
VWD type 2B mutation, R1306Q, was introduced (Figure 2B and 4). Dumas et al 33 have 
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shown in a model that the R1306Q mutation induces a conformational change, which 
results in a strong and spontaneous interaction with Gplb. This may suggest that 
AU/VWFa-11 binds a region that is only exposed when VWF is in a Gplb binding 
conformation. 

We considered the possibility that AU/VWFa-11 recognizes a region within the 
Gplba-binding site. However, botrocetin-induced binding of VWF to recombinant Gplba 
was not affected by an excess of AU/VWFa-11. Moreover, binding of CHO-cells 
expressing the GpIb-IX-V complex to immobilized VWF and binding of platelets to 
collagen type III, or VWF under flow conditions, remained unchanged in the presence of 
an excess of the Nanobody. These observations suggest that Gplba and AU/VWFa-1 1 bind 
to different sites in the A 1 domain, or that the affinity of Gplba for its binding site is 
higher that the affinity of AU/VWFa-1 1. The latter is unlikely, since it is known that llama . 
antibodies bind with high affinity to their antigens. 27 

In an attempt to further identify the binding site for AU/VWFa-11, binding of two 
different Al domains to the antibody domain was studied. The Al domain used for 
selection of the antibodies, VWF/A1(1238-1481), also contained the N- and C-terminal 
flanking peptides of the Al domain. SPR analysis revealed that removal of these flanking 
peptides improved exposure of the binding site for AU/VWFa-11 (Figure 2B). Since 
AU/VWFa-1 1 is specific for the Gplb-binding conformation of VWF, this result suggests 
that the flanking regions of the Al domain play a role in the shift from the non-binding to 
the binding conformation. These results are in agreement with the report of Nakayama et 
al 34 that suggests that the flanking peptides influence the interaction between Gplba and 
VWF. 

Thus far, ristocetin induced platelet activation is often used to measure the Gplb- 
binding capacity of VWF. This assay is able to measure the reactivity of plasma VWF, but 
is based on non-physiological, ristocetin-induced, aggregation. AU/VWFa-11 was 
specifically designed to distinguish between native VWF and VWF in the Gplb-binding 
conformation. Only very low amounts of VWF are required to measure the activity, which 
makes the AU/VWFa-11 based immunosorbent assay suitable to measure the 
conformational state of VWF in diseases with low VWF antigen levels, such as TTP. 
Moreover, AU/VWFa-1 1 recognizes a site that is exposed upon activation, which can be 
induced in various ways, such as immobilization of VWF, incubation with ristocetin, or 
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VWD type 2B mutations. This makes the AU/VWFa-11 immunosorbent assay very useful 
to study the conformational state of VWF under different pathological conditions. 

The unique feature of AU/VWFa-11 to distinguish between the Gplb-binding and 
non-binding conformation of VWF makes it possible to study VWF in plasmas of healthy 
individuals and patients suffering from VWD type 2B and TTP. Plasma of healthy 
individuals and NPP showed only little binding of VWF to immobilized AU/VWFa-11, 
suggesting that the majority of the circulating VWF is in a non-binding conformation. 
Some residual binding was found, indicating that even under physiological conditions a 
minor proportion of the VWF molecules circulates in an activated conformation. 

Subsequently, the activation factor of VWF in VWD type 2B and TTP was 
measured. 

These two phenotypically distinct diseases are both characterized by' thrombocytopenia, 
caused by spontaneous platelet- VWF interaction. In both diseases, significantly increased 
levels of activated VWF were found, compared to normal individuals (Figure 5 and 6). 
Moreover, an inverse correlation was found between the activation measured for VWF in 
plasma of VWD type 2B patients and the platelet numbers (Figure 5C). This indicates a 
direct role for activated VWF in the onset of thrombocytopenia. 

Interestingly, when AU/VWFa-11 was incubated with plasma from congenital TTP 
patients, it was found that the activation factor was not only significantly elevated 
compared to normal individuals, but also compared to acquired TTP patients. Plasma 
samples of patients with acquired TTP were collected upon admission into hospital, before 
treatment with plasma exchange. At this time, a substantial part of the activated VWF 
could be present in the platelet rich thrombi found in the microvasculature. This could 
explain the differences in levels of activated VWF between acquired and congenital TTP. 
On the other hand, the different molecular background of acquired and congenital TTP 
could also account for the difference in activation of VWF. Although further studies have 
to be performed, the AU/VWFa-11 immunosorbent assay seems a useful means to 
distinguish between acquired and congenital TTP. 

In summary, the new Nanobody described herein is able to discriminate between 
the resting and activated state of VWF. The AU/VWFa-11 immunosorbent assay makes it 
possible to detect activated VWF in plasma, which makes it a very useful means to 
investigate the role of VWF in different diseases. 
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CLAIMS 

1. Method for distinguishing between different states or forms of diseases and disorders 
characterized by thrombocytopenia and/or by spontaneous interaction between Von 
Willebrand Factor (vWF) and platelets, and/or to predict the progression of such a disease 
or disorder, said method comprising the steps of: 

a) providing at least one biological sample obtained from a patient suffering from, or 
suspected to suffer from, at least one disease or disorder characterized by 
thrombocytopenia and/or by spontaneous interaction between Von Willebrand Factor 
(vWF) and platelets; 

b) determining the amount of activated vWF in said biological sample; 

in which the amount of activated vWF in the sample is representative for the different 
states or forms of the disease or disorder. 

2. Method according to claim 1, in which the biological sample is a sample that 
contains vWF. 

3. Method according to claim 2, in which the biological sample is a sample that 
contains vWF and platelets. 

4. Method according to any of the preceding claims, in which the biological sample is 
chosen from whole blood, plasma, serum or other suitable blood fractions. 

5. Method according to any of claims 3 or 4, in which both the amount of activated 
vWF in the sample and the platelet number in the sample are determined, and optionally 
are compared to each other. 

6. Method according to any of the preceding claims, in which the diseases and disorders 
characterized by thrombocytopenia and/or by spontaneous interaction between Von 
Willebrand Factor (vWF) and platelets are chosen from the group consisting of: 
Thrombocytopenic Purpura (TTP), pre-eclampsia, HELLP syndrome, Von Willebrand 
disease Type 2; DIC (diffuse intracellular coagulation) or Sepsis; malignant hypertension; 
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antiphospholipid syndrome; exposure to carcinogens in general; after platelet transfusion 
with platelet concentrates (for perfusion). 

7. Method according to claim 6, in which the disease characterized by 
thrombocytopenia and/or by spontaneous interaction between Von Willebrand Factor 
(vWF) and platelets is Thrombocytopenic Purpura (TTP) and which in the method is used 
to distinguish between patients with acquired TTP and patients with congenital TTP. 

8. Method according to . claim 6, in which the disease characterized by 
thrombocytopenia and/or by spontaneous interaction between Von Willebrand Factor 
(vWF) and platelets is pre-eclampsia or HELLP syndrome and in which the method is used 
to distinguish between patients with pre-eclampsia and patients with HELLP syndrome. 

9. Method according to claim 6, in which the disease characterized by 
thrombocytopenia and/or by spontaneous interaction between Von Willebrand Factor 
(vWF) and platelets is pre-eclampsia and in which the method is used to predict the 
progress of said pre-eclampsia, and in particular to predict the which patients with pre- 
eclampsia will develop HELLP and/or determine which patients are at an increased risk of 
developing HELLP. 

10. Method according to any of the preceding claims, in which the amount of activated 
vWF is determined by contacting the biological sample with a binding agent that is capable 
of specifically binding activated vWF in the presence of non-activated vWF, and then 
optionally determining the amount of activated vWF bound to the binding agent. 

11. Method according to claim 10, in which the binding agent is a protein or polypeptide 
that is capable of specifically binding activated vWF in the presence of non-activated vWF. 

12. Method according to claim 11, in which the binding agent is an antibody that is 
capable of specifically binding activated vWF in the presence of non-activated vWF; a part 
of fragment of an antibody, in which said part or fragment is capable of specifically 
binding activated vWF in the presence of non-activated vWF; or a protein or polypeptide 
that contains one or more parts of fragments of an antibody, in which at least one of said 
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parts or fragments is capable of specifically binding activated vWF in the presence of non- 
activated vWF. 

13. Method according to claim 12, in which the binding agent is a heavy chain antibody 
that is capable of specifically binding activated vWF in the presence of non-activated vWF; 
a part of fragment of a heavy chain antibody, in which said part or fragment is capable of 
specifically binding activated vWF in the presence of non-activated vWF; or a protein or 
polypeptide that contains one or more parts of fragments of a heavy chain antibody, in 
which at least one of said parts or fragments is capable of specifically binding activated 
vWF in the presence of non-activated vWF. 

14. Method according to claim 12 and/or 13, in which the binding agent is a variable 
domain of antibody, in which said variable domain is capable of specifically binding 
activated vWF in the presence of non-activated vWF; or a protein or polypeptide that 
contains one or more variable domains, in which at least one of said variable domains is 
capable of specifically binding activated vWF in the presence of non-activated vWF 

15. Method according to claim 12, 13 and/or 14, in which at least one of said variable 
domains is a heavy chain variable domain. 

16. Method according to claim 12, 13, 14 or 15, in which at least one of said variable 
domains is a variable domain of a heavy chain antibody. 

17. Method according to any of claims 10-16, in which the binding agent is a 
Nanobody™ that is capable of specifically binding activated vWF in the presence of non- 
activated vWF; or a protein or polypeptide that contains one or more Nanobodies™, in 
which at least one of said Nanobodies™ is capable of specifically binding activated vWF 
in the presence of non-activated vWF. 

18. Method according to any of claims 10-16, in which the binding agent is the heavy 
chain antibody AU/VWFa-1 1; a part of fragment of the heavy chain antibody AU/VWFa- 
11, and in particular the variable domain of the heavy chain antibody AU/VWFa-1 1 ; or a 
protein or polypeptide that contains one or more parts of fragments of the heavy chain 
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antibody AU/VWFa-1 1, and that in particular contains at least one variable domain of the 
heavy chain antibody AU/VWFa-1 1 . 

19. Mediod according to any of claims 10-18, in which the amount of activated vWF is 
determined by an immunosorbent assay involving the use of the binding agent. 

20. Method according to any of claims 10-19, in which the binding agent is immobilized 
on a suitable support. 

21. Kit-of-parts for determining the amount of activated vWF in a sample, comprising at 
least an agent that binding agent that is capable of specifically binding activated vWF in 
the presence of non-activated vWF; and optionally comprising means for determining the 
total amount of (activated and non-activated) vWF in the sample; and/or means for 
determining the platelet number in the sample; and/or instructions for use; and/or one or 
more parts, elements or components of kits for binding assays known per se; wherein said 
kit-of-parts is optionally packaged in a suitable packaging or container. 

22. Use of an antibody that is capable of specifically binding activated vWF in the 
presence of non-activated vWF; of a part or fragment of an antibody, wherein said part or 
fragment is capable of specifically binding activated vWF in the presence of non-activated 
vWF; or of a protein or polypeptide containing a part or fragment of an antibody, wherein 
said part or fragment is capable of specifically binding activated vWF in the presence of 
non-activated vWF; for distinguishing between different states or forms of diseases and 
disorders characterized by thrombocytopenia and/or by spontaneous interaction between 
Von Willebrand Factor (vWF) and platelets, and/or to predict the progression of such a 
disease or disorder; and/or in a method for performing the same. 
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Figure I 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 6 
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